-

View metadata, citation and similar papers at core.ac.uk brought to you byji CORE

provided by CERN Document Server

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
CERN - SL DIVISION

CERN-SL-99-066 BT

THE NEW CONTROL SYSTEM OF THE SPS TARGET SECTOR

E. Carlier, A. Marchand, N. Mecredy*, J. O'Leary*

Abstract

The SPS, the Super Proton Synchrotron at CERN, is an accelerator originally designed and
commissioned in 1976 for protons.

The control system of the SPS target stations, beam absorbers and other aperture limiting devices
was developed in the seventies. It was mainly based on home made electronics and equipment
dependent software. With time, this electronics has become obsolete, difficult to maintain in
operation and not suitable for integration into a modern control system. In 1997, a project was set
up to modernise the electronics and the related software. The new control system is largely based
on standard industrial hardware and software components. SIEMENS Simatic S7-300
programmable logic controllers have been used as equipment controllers and connected through
PROFIBUS to a Windows-NT front-end PC running the SIEMENS WIinCC SCADA package
which acts as local controller and remote access gateway. This fully industrial solution has been
successfully integrated into the actual SPS accelerator control infrastructure and is open to other
industrial communication protocols. The design, development and realisation of the selected
solution have been outsourced to industry.
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Abstract functions at this level, nor in the local control of the
equipment.

The SPS, the Super Proton Synchrotron at CERN, is an

accelerator originally designed and commissioned in 1976

for protons. The control system of the SPS target stations, 2. THE PROJECT

beam absorbers and other aperture limiting dewcas

developed in the seventies. It was mainly based on hodfle 1997, a project has been set up to modernise the
made electronics and equipment dependent Sof[wa@mplete control electronics of the above mentioned
With time, this electronics has become obsolete, difficugduipment. The corresponding hardware volume is given
to maintain in operation and not suitable for integratiol! table 1. The project comprised:

into a modern control system. In 1997, a project was set

up to modernise the electronics and the related software. removal of the MIL-1553/MPX electronics,

The new control system is largely based on standard replacement of all other home made electronics,
industrial hardware and software components. SIEMENS software compatibility with the existing application
Simatic S7-300 programmable logic controllers have been and expert programs,

used as equipment controllers and connected through exclusive use of off-the-shelf industrial hardware and
PROFIBUS to a Windows-NT front-end PC running the  software components,

SIEMENS WIinCC SCADA package which acts as local  subcontracting of the project realisation to industry.
controller and remote access gateway. This fully

industrial solution has been successfully integrated intpable 1: Amount of signals involved and controllers used.

the actual SPS accelerator control infrastructure and is [ Digital input 1000
open to other industrial communication protocols. The Digital output 400
design, development and realisation of the selected | Apaloginput 400
solution have been outsourced to industry. Analog output 400
SERVO controller 75
IN/OUT controller 25

1. INTRODUCTION

] ] A technical specification for a configurable, modular,
The SPS target sector comprises all kinds of beagata driven and industrial solution has been written at
obstacles used in the SPS accelerator and its transfer liggsRN in 1998 [3] followed by a call for tender. The
to other accelerators or experimental areas. This includgsntract has been awarded to TERMA. The design,
target stations, beam dumps and stoppers, collimators afl,elopment and realisation of the project have been
other aperture limiting devices. carried out within one year.

The control part of this equipment consists mainly of
DC motor controllers used either to move an equipment 3. TECHNICAL SOLUTION
from one position to another, with a typical precision of
0.1 mm (SERVO), or to displace equipment between twg
fixed positions (IN/OUT). Supplementary functions Suc'%tandards for hardware and software and to use only off-
as temperature acquisition, cooling status and water flo[w

trol ired f g d saf i e-shelf industrial components. No specific hardware
controf are required for supervision and safe operation. development has been necessary throughout the complete

Uo t the local trol imol tOproject. One specific piece of software had to be
p to nhow Inh€ focal control was Implemente developed in order to interface the new industrial system

through push buttons in front of the control electronics f()[ro the CERN SL-EQUIP package [4], the software

Fhfe co:_nma[lrc;l]s and tLED tlnfllcators ;or tr:jethstatu ethod used to access equipment in the SPS accelerator
information. The remote control was performe 'OU9Rom the application layer. This interface maintains the

application programs writte_n in NODAL [1]. Theserequired software compatibility with the actual
programs communicated with the equipment througg plication programs and guarantees a smooth transition

specific C libraries and equipment servers_running.in m the home made solution to the totally integrated
LynxOS front-end computer. The hardware link ConS'Steﬁj]dustriaI solution

of a MIL-1553 field bus used in command/response
mode, connected to a MPX acquisition interface [2]. No
software was involved in the processing of the controller

ne of the project goals was to use solely proven industry



3.1.Architecture configuration parameters like hardware addresses and
operational settings identifies a specific controller. At

The hardware architecture (Fig. 1) consists of SIEMENY/NIME, the fu'nctional blocks.are sequentially invoked
Simatic S7-300 Programmable Logic Controllers (PLCsz)‘nd supplied with the declared instance data blocks.

[5] connected through a PROFIBUS [6] field bus to a
rack-mountable front-end PC running under Window-NT.
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Figure 1: Hardware architecture.
9 Application Front-End Controller

The front-end acts as PROFIBUS master and carries Figure 2: Software architecture.

out the data exchange between the different nodes on a

cyclic or event driven basis. On the other side, the fron§ 2 2. Front-End Layer

end is connected to an Ethernet TCP/IP network for

communication with the application layer. It provides therhe front-end layer software is hosted in a standard

local control facilities and forms the interface between theqstrial PC and is based on the SIEMENS WinCC

equipment specific PLCs and the accelerator—W|dgu|or__,rviSory Control And Data Acquisition (SCADA)

controls network. system. The WinCC application provides local process
visualisation and operator control screens together with

3.2.Software remote access facilities for the application layer.

The software architecture (Fig. 2) is divided into thre At

different layers: controller, front-end and application%'2'3' Application Layer
Controller and front-end layers communicate through the o ) - )

standard PROFIBUS-DP protocol and are implemented'® application layer consists of existing high-level
within commercial packages. The application layePrograms using SL-EQUIP. Access to the new controllers
software consists of application, operation and expef@PPens through a specific equipment server. This server
programs connected to the front-end layer either throu%lé?es SIEMENS WinCC Open Development Kit (ODK)

SL-EQUIP, or through automation standard protocols. raries to access remotely the WinCC internal runtime
database. This approach to use an intermediate layer

3.2.1. Controller Layer permits to keep the required compatibility with the actual
<-4 application software.

The controller layer software implements the specific Simultaneously, the openness of the implemented

low-level functions to be performed by the variousy chitecture allows new applications to access the front-
controllers. end layer and communicate with the WinCC internal

. runtime database using automation standard protocols.
The SIEMENS "STEP7" development environment

has been used for the configuration and parameterisation The OLE for Process Control (OPC) [7] client/server

of PLC hardware modules, for the definition and Settinfhterfaces, available within WinCC, permit to access
up of the field bus communication and for theyng/or exchange process data variables between different

programming of the controllers. OPC compliant applications in a distributed computing

) ... environment. Furthermore, the Web navigator

Low-level ~ equipment control, data acquisitiongjienyserver interfaces, also part of WinCC Version 5,
algorithms and feedback loops have been embedded iy to monitor and even operate the equipment across

the PLC user programs written in conformity with thgnhe |nternet/intranet from a standard Web browser at the
IEC-1131-3 standard. client side.

The user programs consist of a set of independent
functional blocks providing the different required
functions. A unique instance data block containing

2



3.3.Performance appropriate hardware and software architecture and to
develop the software. CERN has kept the responsibility of

So far, a full hardware and software setup has begﬁe hardware ~cabling and installation, and _the

produced for the new control of the SPS north area tar mis_sioning .Of the final system in place. This
stations (Fig. 3). In this example the hardware consists paration permits to keep the complete knowledge of the

one front-end PC, one PROFIBUS segment with 7 nodefg?al system at CERN.
6 PLCs, 21 SERVO controllers and 9 IN/OUT
controllers. Typical update performances for a group of

10 WinCC variables are shown in Table 2. 5. ACKNOWLEDGEMENTS

Table 2: Typical performance. The authors would like to thank all persons who increased
PLC execution time 50 ms their trust in the successful integration of commercial
WinCC runtime database size 800 items Industrial hardware and software products into the
WinCC runtime database update tithe 5 ms existing CERN-SL accelerator control system. Special
OPC client update time 15 ms thanks go to B_er_ngrd Denis for _his support and advice
SL-EQUIP client update time 200 ms dur!ng the definition and organisation phases of the

project.
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4, CONCLUSION [5] http://www.ad.siemens.de/

The new control system of the SPS target sector has bééh http://www.profibus.com/
realised using only fully industrial hardware and software

components. It has been successfully integrated in the http://www.opceurope.com/
CERN-SL accelerator control system.

The use of industrial components has permitted to
reduce the development time and the overall project cost
and has resulted in an open and modular solution at the
end of the project. In order to fully preserve these
advantages, the overhead for integration into the
accelerator controls infrastructure has to be reduced to the
minimum and also be based on industry standards.

Subcontracting this project to industry was relatively
straightforward since the project and its boundaries were
well defined and since the requirements could be met
using, with the exception of the SL-EQUIP interface,
solely industrial hardware and software components.
Furthermore, during the whole project, a close
collaboration and a precise separation of responsibilities
has been made between CERN and the contractor. The
contractor had the responsibility to choose the most
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